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® Process for producing composite oxide catalyst 



^® A process for producing a composite oxide cata- 
^lyst comprising at least Sb, Mo. V and/or Nb by the 
Q steps of combining and heating tlie sources of re- 
CO quired respective elements, characterized in that a 
^composite oxide represented by the following for- 
l^mula. which has been heated previously at a tem- 
COperature of 600 to 900*C, is used as at least a part 
^of a source of Sb supply: 
Q Sb-p-Xq -Yr, 

^ wherein x represents at least one selected from the 
^ group consisting of Ni, Fe. Co and Bi; Y represents 
at least one selected from the group consisting of Al 
and Si; p is a numeral of 1-40. q is a numeral of 1- 



20 and r is a numeral of 0-10. provided that when r 
is 0, Ni of X is at least partly supplied by nickel 
carbonate. 

A catalyst having a large mean pore size is 
obtained. When the catalyst Is used in an oxidation 
reaction such as air oxidation of acrolein, acrylic acid 
as the object product can be obtained in high selec- 
tivity. 
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PROCESS FOR PRODUaNG COMPOSITE OXIDE CATALYST 



BACKGROUND OF THE INVENTION 
Field of the art 

This invention relates to a process for produc- 
ing a composite oxide catalyst which comprises at 
least Sb, Mo, V and/or Nb. More particularly, this 
invention relates to a process for preparing a com- 
posite oxide catalyst characterized primarily by the 
introdudng mode of a specific constituent element 
i.e. Sb. 

The composite oxide catalyst comprising at 
least Sb, Mo, V and/or Nb is well known as a 
catalyst used for vapor phase catalytic oxidation 
reaction. As the vapor phase catalytic oxidation 
reaction, there may be specifically mentioned the 
oxidation reaction of olefins into unsaturated al- 
dehydes or unsaturated carboxylic acids, the oxida- 
tion reaction in the presence of ammonia, viz. am- 
moxydation, of olefins into unsaturated nitriles. the 
oxidation reaction of unsaturated aldehydes into 
unsaturated carboxylic adds, the oxidative dehy- 
drogenation reaction of saturated aldehydes or 
saturated carboxylic acids into unsaturated carbox- 
ylic adds. etc. 

Obviously from tiiese illusti-ations, the term 
"vapor phase catalytic oxidation" should include, in 
addition to simple oxidation, "ammoxydation" and 
"oxidative dehydrogenation which definition 
should also be accepted in this specification, and it 
further means that the reaction is conducted in the 
presence of molecular oxygen such as air and/or 
oxygen gas. 



Prior art 

The aforementioned vapor phase- catalytic oxi- 
dation reaction is often accompanied by undesira- 
ble sequential reactions wherein a part of the target 
product is further oxidized into products with less 
value added. 

It has been long-established that in order to 
suppress such sequential reactions as far as possi- 
ble, one of the key points is how to improve the 
effectiveness factor of a catalsyt in tfie reaction. 
The improvement of the effectiveness factor of the 
catalyst coincides witii the reduction of the diffu- 
sion resistance for reactants in the reaction as far 
as possible. 

It is well known tiiat the shape of catalyst and 
the pore distribution are the most dominati've fac- 
tors as regards tiie effectiveness factor of a cata- 
lyst. Thus, there have been discussed the relation- 



ship between the shape of a catalyst and the 
effectiveness factor ["KAGAKU KOGAKU" - 
. (Chemical Engineering) 30 (2). 73-79 (1966). pub- 
lished by tile Soc. Chem. Engineer. Jpn.] and the 

5 relationship between tiie pore distribution and tiie 
effectiveness factor ["KAGAKU KOGAKU IV" (Ed. 
by Shigehumi Fujita & Hei-ichiro Tohata, published 
in 1963 from TOKYO KAGAKU DOJIN CO.)]. 

As described above, tiie composite oxide cata- 

10 lysts each comprising at least Sb, Mo. V and/or Nb 
is well known in tiie art and are specifically dis- 
closed in the specifications of Japanese Patent 
Unexamined Publication Nos. 18823/72. 43922/74 
and 23589/77. According to these specifications. 

rs nothing may be disclosed about the pore distribu- 
tion which has to do with tiie aforementioned effec- 
tiveness factor with reference to the preparation of 
catalyst.- but it is described as being advantageous 
to use Sb and Ni in the form of nickel antimonate. 

20 Further, there is disclosed a process for preparing 
the nickel antimonate by incorporating an Sb 
source and a nickel source into a composite and 
subjecting the composite to heat treatment at an 
elevated temperature. These catalysts can be sup- 

25 ported on silica. 



SUMMARY OF THE INVENTION 

30 We have found tiiat when nickel carbonate is 

used as tiie nickel source in tine preparation of the 
aforementioned nickel antimonate or, in other 
words, an Sb-Ni-0 composite, a composite oxide of 
Sb-Ni-O having a larger pore size can be obtained 

35 whereby a catalyst of an improved selectivity will 
be produced, and ttiat the similar effect can be 
observed in the case when Si and/or Al are in 
advance present In addition to tiie Sb-Ni-O as well 
as in the case- when merely the latter is used. 

40 Furthermore, we have found that the composite 

oxide of Sb-Ni-Si-O having a larger pore size can 
be obtained when silica is added before the heat 
treatment at an elevated temperature during the 
preparation of the aforementioned Sb-Ni-O com- 

45 posite whereby an improved catalyst selectivity is 
obtainable, and tfiat the elements other than Ni 
which are condudve. when used as an antimonate, 
to give a catalyst of a high selectivity, include Fe. 
Co. and Bi. 

50 This invention is based on these findings. 

There is thus provided, according to this inven- 
tion, a process for produdng a composite oxide 
catalyst wherein a composite oxide catalyst com- 
prising at least Sb. Mo. V and/or Nb is produced 
by a process comprising incorporating sources of 
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required respective elements into a composite and 
subjecting the composite to heat treatment into the 
composite oxide catalyst, characterized in that use 
is made as at least a part of the Sb source of a 
composite oxide represented by the following for- 5 
mula,. which has been heated previously at a tem- 
perature of 600 to 900* C: • 

Sbp-Xq-Yr, 

wherein X represents at least one element selected 
from the group consisting of Ni. Fe, Co and Bi; Y lo 
represents at least one element selected from the 
group consisting of Al and Si; p is a numeral of 1- 
40, q is a numeral of 1-20 and r is a numeral of 0- 
10, provided that when r is 0, Ni of X is at least 
partly supplied by nickel cart)onate. is 

One of the embodiments of this invention is a 
process for producing a composite oxide catalyst 
wherein a composite oxide catalyst comprising at 
least Sb. Mo. V and/or Nb is produced by a pro- 
cess comprising incorporating sources of required 20 
respective elements into a composite and subject- 
ing the composite to a heat treatment into the 
composite oxide catalyst, characterized in that use 
is made as at least a part of the source of Sb 
supply of a composite oxide represented by the 25 
following formula which has been heated previously 
at a temperature of 600 to 900**C and in which at 
least a part of Ni has been supplied: 
Sbp-Niq-YrO. 

wherein Y represents Al and/or Si; p is a numeral 30 
of 1-40. q is a numeral of 1-20 and r is a numeral 
of 0-10. 

As another embodiment of this invention, there 
is provided a process for producing a composite 
oxide catalyst wherein a composite oxide catalyst 35 
comprising at least Sb, Mo, V and/or Nb is pro- 
duced by a process comprising incorporating the 
sources of required respective elements into a 
composite and subjecting the composite to a heat 
treatment into the composite oxide catalyst, char- 4o 
acterized in that use is made as at least a part of 
the source of Sb supply of a composite oxide 
" represented by the followmg fornrujla which has 
been heated previously at a temperature of 600 to 
900''C: 45 

Sbp-Xq-Si rr-0, 

wherein X represents at least one element selected 
from the group consisting of Ni. Fe, Co and Bi; p is 
a numeral of 1-40, q is a numeral of 1-20 and rr is 
a numeral of 1-10. so 

This invention is characterized essentially by 
the use of a specified composite oxide as an Sb 
source, and a variety of advantages can be ob- 
tained thanks to this way of introducing Sb (and 
other elements) in such a form. 55 
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Thus, in the case of the first embodiment 
above, a composite oxide catalyst of which selec- 
tivity has been improved is of a formula of (Sb)- 
Mo-V and/or Nb-Ni-A-0, wherein A is an element 
which can- be comprised in the catalyst obtained by . 
introducing thereinto Ni in the form of an .anti- 
monate, which- Ni has once been in the form of a 
carbonate. 

It is well known that Ni is used as a constituent 
of a composite oxide catalyst. However, it is be- 
lieved unexpected to have found that when Ni is 
used as a carbonate, which is then converted into 
an antimonate to form the Ni source, a composite 
oxide having a pore size larger than that of a 
composite oxide by the use of other Ni compound 
can be obtained thus improving extensively the 
selectivity of the catalyst obtained (see Compara- 
tive Example I series mentioned hereunder). Fur- 
ther it is believed unexpected to have found that a 
catalyst having high selectivity can also be ob- 
tained by preliminarily compounding Si and/or Al 
into the Sb-Ni-O composite oxide. 

The term "antimonate" mentioned above 
means, in accordance with this invention, a product 
obtained by a process wherein respective com- 
pounds for the source of an element supply have 
been incorporated into a composite and the com- 
posite is subjected to a heat treatment at- 600 to 
900 "C, and accordingly does not necessarily mean 
an antimonate salt as a chemical compound (it 
being of no value to confirm the production there- 
of). Similarly, the "formula" does not mean that the 
chemical entity represented thereby is a pure 
chemical compound of the formula. 

In the second embodiment mentioned above, 
on the other hand, a composite oxide--,catalyst 
having an improved selectivity of Sb-Mo-V and/or 
Nb-Z-A-0, wherein Z is an element which can be 
comprised in the form of an antimonate salt and A 
is an element which can be comprised in the 
catalyst in accordance with the present invention, 
is obtained by compounding Si into an antimonate 
salt in accordance with this invention when a cer- 
tain element as the Z constituent is introduced in 
the form of an antimonate into the catalyst. 

It is well known that silica is used as a support 
of a composite oxide catalyst. However, it is be- 
lieved unexpected to have found that when silica is 
present in the course of the formation of an an- 
timonate salt, a composite oxide having a pore size 
larger than pore sizes that the original antimonate 
salt and the silica respectively have inherently pos- 
sessed can be obtained thus improving extensively 
the selectivity of the catalyst obtained (see Com- 
parative Example II series mentioned hereunder). 
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Further it is belived unexpected that this technique 
can be applied also to Fe, Co, Ni and Bi and a 
catalyst having high selectivity can also be ob- 
tained. 

The tenn "fomiation of the antimonate salt" 
mentioned above means, in accordance with this 
invention, a product obtained by a process wherein 
respective compounds for the source of element 
supply have been incorporated into a composite 
and the composite is subjected to a heat treatment 
at 600 to SOO^C, and does not necessarily mean 
the formation of an antimonate salt as a chemical 
compound (it being of no value to confirm the 
production thereof). Similarly, the "fonmula" does 
not mean that the chemical entity represented 
thereby is a pure chemical compound of the for- 
mula. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

EMBODIMENT 1 

Catalyst and preparation thereof 

Basic catalyst 

The catalyst according to this inventi'on. be- 
longs to the category of composite oxide catalysts 
comprising at least Sb, Mo, V and/or Nb. The 
series of this catalyst can be schematically repre- 
sented by the following formula, which illustrates 
only components: 
Sb-Mo-V and/or Nb-Ni-A-O, 

wherein A represents an element which can be 
comprised in the catalyst, and specifically repre- 
sents W, Cu, Fe, Co or tiie like. The catalyst of this 
type is usually used in the fonn of an intimate 
contact with a carrier material such as silica, alu- 
mina, a refractory oxide or the like. However, tiiese 
carrier components and tiie catalyst components 
are often undfstinguishabfe from each other; and 
therefore the Si and Al in the aforementioned silica 
and alumina can be considered as the components 
of A. 

Such composite oxide catalysts are well known 
in the art as mentioned above, and thus the com- 
position and the method of production of the cata- 
lyst in this invention may be any of those suitable 
except for the improvement inherent to this inven- 
tion. The production is preferably carried out ba- 
sically by a step of incorporating simultaneously or 
stepwise the sources of catalyst component ele- 
ments supply into a composite, during which step a 
carrier material will be introduced when a carried 
catalyst is to be produced, and finally a step of 
subjecting the composite to a heat ti-eatment As a 



matter of course, the shape of the catalyst is pref- 
erably such tiiat the Aris radius will be smaller for 
obtaining the higher effectiveness factor. 

5 ■ . . . 

Source of antimony supply 

The source of antimony supply which is used 
for introducing Ni (as well as Si and/or Al. if neces- 
70 sary) into the aforementioned basic catalyst ac- 
cording to this invention is a composite oxide re- 
presented by the fonnula Sb-Ni-O or Sb-Ni-Y-0, 
wherein Y represents Si and/or Al, which composite 
oxide has previously been heated at a temperature 

75 of 600 to 900 «C and is obtained by using nickel 
carbonate at least partiy as the source of Ni supply 
to the composite oxide. The composite oxide, 
which is a composite oxide in nature, can be pre- 
pared by the aforementioned process with respect 

20 to the basic catalyst. Spedfically, as for the starting 
materials, there may be used a metallic antimony, 
antimony oxide and the like as the source of Sb 
supply; nickel carbonate as a source of Ni supply; 
colloidal silica, granular silica and the like as the 

25 source of Si supply and alumina and the like as the 
source of Al supply, and as for the process, tiiere 
may be conducted that powder of antimony 
petaoxide or trioxide and silica or alumina are ad- 
ded to an aqueous slurry of nickel carbonate and 

30 tiie mass is evaporated to dryness witii stirring and 
the solid product is calcined in the presence of air 
at a temperature of 600 to 900*'C. preferably 650 to 
850 ^'C. It should be understood tfiat "nickel car- 
bonate" as an essential element of this invention 

35 includes basic nickel carbonate. 

If the calcined solid is not produced in powder, 
it is ground to an appropriate extent and used at 
least as the part of the source of Sb supply for the 
catalyst of this invention. 

40 The atomic ratios of tiiis composite oxide, i.e. 

w-z in Sbw-Nix-Yy-Oz, wherein Y represents Si 
and/or Al. are preferably as follows: 
w: 1-40. preferably 1-20, 
x: 1-20. preferably 1-10. 

45 y: 0-10. preferably 0-5 and 

z: a numeral determined by the degree of oxidation 
of respective components. 



50 Preparation of the catalyst in Embodiment [ 

The catalyst according to this invention can be 
produced by the process for producing the com- 
posite oxide catalyst mentioned above except that 
55 at least a part of the source of Sb supply is the 
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aforementioned composite oxide Sb-NI-{Y)-0. It is 
preferred to supply the aforementioned composite 
oxide to an extent of at least 25%, preferably 50%- 
100%. of the Sb of the finished catalyst. 

Referring to an embodiment of the preparation 
of the catalyst, composite oxide powder Sb-Ni-(Y)- 
0 obtained as above is wet-mixed with a poly acid 
of Mo. V or Nb (e.g., molybdatic acid or 
phosphomolybdic acid) or salt thereof (e.g., ammo- 
nium salt), a hydroxide or salt of these metals, and 
an optional component (e.g., the aforementioned 
component A), such as a copper compound, a 
tungsten compound, a phosphorus compound, an 
alkaline earth compound or the like, and the mix- 
ture is concentrated, dried and pulverized. The 
powder thus obtained is formed together with a 
suitable support or an excipient such as silica, 
graphite, Avicel or the like into a shape of particles, 
cylinders, tablets, rings, etc*, by the methods of 
tabieting extrusion or the like and then heated at a 
temperature of ca. 300 to 500*0 for a period of 1- 
10 hours to give a composite oxide catalyst. In this 
casse, heating is preferably is carried out in the 
non-reductive atmosphere, particularly in the pres- 
ence of molecular oxygen. 

The catalyst of this invention thus obtained has 
a composition represented schematically by the 
following formula: 

(Sb)a(Mo)b(V and/or Nb) cNidYeAfOg , 
wherein Y represents Si and/or Al, A represents an 
optional component element such as Cu, W or the 
like and a-g represent the following values: 

a: 1-100, preferably 10-100, 

b: 1-100. preferably 1-50, 

c: 0.1-50, preferably 1-20. 

d: 1-100, preferably 10-100, 

e: 0-200, preferably 0-100. 

f: 0.1-50. preferably 1-20 and 

g: a numeral determined by the degree of 
oxidation of respective component elements. 

The catalyst according to this invention thus 
obtained has mostly a pore size of 5.000 A or 
more. By contrast, conventionat catalyst obtained 
by a method other than that according to this 
invention, has a mean pore size of 400 to 1,000 A. 
The term "mean pore size" means a value mea- 
sured with a porosimeter by the mercury method, 
thus indicating the pore size at the maximum value 
on the differential curve. 



Use of Catalyst 

The catalyst according to this invention is used 
in a vapor phase catalytic oxidation reaction to give 

5 object , compound in high selectivity. The vapor 
phase catalytic oxidation reaction, as mentioned 
above, has a meaning, over a wide range- including 
ammoxydation and oxidative dehydrogenation. 

In one of the preferred application of the cata- 

70 lyst according to this invention, it is used for the 
oxidation of acrolein or methacrolein to give acrylic 
acid or methacryiic acid. In other words, the typical 
use of the catalyst of this invention is for the 
second step in the two step preparation of an 

75 unsaturated carboxylic acid such as acrylic acid or 
methacryiic acid by the oxidation of a correspond- 
ing olefin, that is propylene or isobutene. wherein 
the first step is for oxidation of the olefin into 
unsaturated aldehyde, that is acrolein or 

20 methacrolein. and the second step is for oxidation 
of the unsaturated aldehyde into the unsaturated 
carboxylic acid. In passing, as the catalyst used for 
the vapor phase catalytic oxidation reaction in the 
first step, there is mentioned a well known compos- 

25 ite oxide catalyst comprising Mo and Bi. which is 
extensively used industrially. Further, it is also well 
known that such a composite oxide catalyst com- 
prising Mo and Bi is very useful for ammoxydation 
and oxidative dehydrogenation reaction. 

30 

EMBODIMENT 11 



35 



Basic catalyst 



The catalyst according to Embodiment 11 of this 
invention belongs to the category of composite 
oxide catalysts comprising at least Sb. Mo. V 
and/or Nb. The type of this catalyst can be - 
40 schematically represented by the following formula: 
Sb-Mo-V and/or Nb-X-A-O. 

wherein X represents an element which has been 
introduced in the form of an antimonate salt, spe-= 
cifically, Fe. Oo, Ni or Bi; A represents an optional 

45 element, and specifically represents W, Ou or the 
like. The catalyst of this type is usually used in the 
form of an intimate contact with a carrier material 
such as silica, alumina, a refractory oxide or the 
like. However, these components and the catalyst 

50 components are often undistinguishable to each 
other, and therefore the Si in the aforementioned 
silica can be considered as the components of A. 

Such composite oxide catalyst are well known 
in the art as mentioned above, and thus the com- 

55 position and the method of production of the cata- 
lyst in this invention may be any of those suitable 
except the improvement inherent to this invention. 
The production is preferably carried out basically 
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by a step of incorporating simultaneousiy or step- 
wise the sources of cataiyst component element 
supplies into a composite, during which step a 
carrier material will be introduced when a carried 
cataiyst is, to be produced, and finally a step of . 
subjecting the composite to a heat treatment. As a 
matter of- course, the shape of the catalyst is pref- 
erably such that the Aris radius will be smaller for 
making the higher effectiveness index. 



Source of antimony suoplv 

The source of antimony supply which is used 
for introducing Fe, Co. Ni and Bi into the aforemen- 
tioned basic catalyst according to this invention is a 
composite oxide represented by the fonnulae Sb- 
X-Si-O. wherein X represents at least one of the 
elements selected from the group consisting of Fe, 
Co. Ni and Bi. which composite oxide has pre^ 
viously been heated at a temperature of 600 to 
QOO^'C. 

The composite oxide, which is a composite 
oxide in nature, can be prepared by the aforemen- 
tioned process with respect to the basic catalyst. 
Specifically, as for the starting materials, there may 
be used a metallic antimony, antimony oxide and 
the like as the source of Sb supply; nitrates, 
chlorides or the like of Fe. Co, Ni and Bi as a 
source of supply thereof; and colloidal silica, granu- 
lar silica and the like as the source of Si supply, 
and as for the process, there may be conducted 
that powder of antimony trioxide and silica are 
added to an aqueous solution of iron nitrate (or a 
nitrate salt of Co, Ni or Bi) and the mass is evap- 
orated to dryness with stirring and the solid product 
is calcined in the presence of air at a temperature 
of 600 to 900 «C, preferably 650 to 850 °C. It should 
be understood that "nickel cart^onate" as an essen- 
tial element of this invention includes a basic nickel 
carbonate. 

If the calcined solid is not produced in powder, 
it is ground to an appropriate extent and used at' 
least as the part of tine source of Sb supply for the 
catalyst of this invention. 

The atomic ratios of tiiis composite oxide, i.e. 
W'Z in Sbw-Xx-Siy -O^, wherein X represents Fe, Co. 
Ni and/or Br. are preferably as follows: 
w: 1-40, preferably 1-20. 
x: 1-20, preferably 1-10, 
y: 1-10. preferably 1-5 and 

z: a numeral detemnined by tiie degree of oxidation 
of respective components. 
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Preparation of the catalyst in Embodiment II 

The catalyst according to ^is invention can be 
produced by the process for producing tfie com- 
5 posite oxide cataiyst mentioned above except.that 
at least a part of the source of Sb supply is ttie 
aforementioned, composite oxide Sb-X-Si-0. It is 
preferred to supply the aforementioned composite 
oxide to an extent of at least 25%. preferably 50% 
10 to 100%. of tile Sb of tiie finished catalsyt. 

Referring to an embodiment of the preparation 
of tiie catalyst, powder of composite oxide Sb-X-Si- 
O obtained as above is wet-mixed with a poly add 
of Mo. V or Nb (e.g.. molybdic acid or 
75 phosphomoiybdic acid) or salt tfiereof (e.g.. ammo- 
nium salt), a hydroxide or salt of these metals and 
an optional component (e.g. the aforementioned 
component A), such as a copper compound, a 
tungsten compound, a phosphorus compound, an 
20 alkaline earth compound or the like, and tfie mix- 
tijre is concentrated, dried and pulverized. The 
powder thus obtained is formed together witii a 
suitable support or an excipient such as silica, 
graphite, Avicel or the like in tiie shape of particles. 
25 cylinders, tablets, rings, etc. by tiie metiiods of 
tableting. extiusion or tiie like and tiien heated at a 
temperature of ca. 300 to 500*C for a period of 1- 
10 hours to give a composite oxide catalyst. In this 
case, heating is preferably is canned out in the non- 
50 reductive atmosphere, particulariy in the presence 
of molecular oxygen. 

The catalyst of tiiis invention tiius obtained has 
a composition represented schematically by tiie 
following formula: 
35 (Sb)a(Mo)b(V and/or Nb) cXdAeSi,Og , 

wherein X represents Fe, Co. Ni or Bi, A represents 
an optional component element such as Cu. W or 
the like, and a-g represent tiie following values: 
a: 1-100. preferably 10-100. 
40 b: 1-100. preferably 1-50. 

c: 0.1-50. preferably 1-20, 
d: 1-100, preferably 10-100, 
0:O.t-5O. preferably 1-20. 
f: 1-100. preferably 1-100 and 
45 g: a numeral determined by tiie degree of 

oxidation of respective component elements. 

The catalyst according to tiiis invention tiius 
obtained has a mean pore size of 2,000 A or more. 
By conti-ast, conventional catalyst obtained by a 
50 metiiod other than tiiat according to tills invention 
has a mean pore size of 400 to 1,000 A. The tenn 
"mean pore size" means a value measured witii a 
porosimeter by ttie mercury metiiod, tiius indicat- 
ing tiie pore size at the maximum value on tiie 
55 differential curve. 
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Use of Catalyst 

The catalyst according to this Embodiment II is 
used in a vapor phase catalytic oxidation reaction 
to give object compound in high selectivity: The 
vapor phase catalytic oxidation reaction, as men- 
tioned above/ has a meaning over a wide range 
including ammoxydation and oxidative dehydroge- 
nation. 

With respect to the use of the catalyst in the 
Embodiment II, there can be applied the aforemen- 
tioned description for the catalyst in the Embodi- 
ment I entirely. 



Exoerimentai Examples 



in 300 ml of pure water was dispersed 228 g of 
basic nickel carbonate (NiC03«2Ni(0H)2«4H20). To 
this mixture, 50 g of silica ("CARPLEX #67") and 
150 g of antimony trioxide were added and thor- 
oughly agitated. The slurry was heated, concen- 
trated and dried. Then the solid obtained was cal- 
cined in a muffle furnace at 800** C for 3 hours. The 
calcined product. Sb-Ni-Si-0, was ground so that 
particles pass through a sieve of 60 mesh. 

Pure water (540 ml) was heated to ca. 80'*C, 
and 8.1 g of antimony paratungstate, 63.9 g of 
ammonium paramolybdate. 8.4 g of ammonium 
metavanadate and 2.8 g of cuprous chloride were 
sequentially added and dissolved. Then, the pow- 
der of the aforementioned Sb-Ni-Si-0 was .added to 
this solution and thoroughly agitated and mixed. 

The slurry was heated to a temperature of 80 
to lOO^'C, concentrated and dried. The dried prod- 
uct was ground so that particles pass through sieve 
of 24 mesh, and 1.5% by weight of graphite was 
added and mixed. Then, the mixture was loaded on 
a small size tableting machine to form tablets of a 
size of 5 x 4 hmm. 

The tablets were calcined in a muffle furnace 
to 400 °C for 5 hours to make a catalyst. 

The catalyst thus obtained had a composition 
represented by the following atomic ratios: 
Sb:Ni:Si:Mo:V:W:Cu = 100:43:80:35:7:3:3. 

The catalyst (50 ml) was charged in a 
stainless-steel reaction tube equipped with a jacket 
for a nitrate heating media and the catalytic oxida- 
tion reaction of acrolein was carried out. The raw 
material gas comprised 4% of acrolein, 46% of 
steam and 50% of air and was passed through the 
reaction tube at a space velocity of 870 h"^ at a 
0**C basis. At a nitrate temperature of 250*C, the 



conversion of acrolein was 99.3%, the yield of 
acrylic acid was 97.6% and the selectivity to acryl- 
ic acid was 98.3%. 



Examole 1-2 

In 400 ml of pure water was dispersed 228 g of 
basic nickel carbonate. To this mixture, 159 g of 

70 antimony trioxide and 11.1 g of a-alumina were 
added with agitation. The slurry was heated, con- 
centrated and dried. Then the solid obtained was 
calcined in a muffle furnace at 800 **C for 2 hours. 
The calcined product. Sb-Ni-AI-O, was ground 

75 so that particles pass through a sieve of 60 mesh. 

Pure water (540 ml) was heated to ca. 80'C, 
and 63.9 g of ammonium paramolybdate, 8.4 g of 
ammonium metavanadate, 4.6 g of niobium hydrox- 
ide and 21 .2 g of copper sulfate were sequentially 

20 added and dissolved. Then. the. powder of the 
aforementioned Sb-Ni-AI-O was added slowly , to 
this solution and thoroughly agitated and mixed. 
The catalyst was prepared in the same manner as 
in Example 1-1. 

25 The catalyst thus obtained had a composition 

represented by the following atomic ratios: 
Sb:Ni:AI:Mo:V:Nb:Cu = 100:43:2D;35:7:3*:9. 

When the same reaction as in Example 1-1 was 
carried out with the use of the catalyst, the conver- 

30 sion of acrolein was 99.7%, the yield of acrylic acid 
was 97.0% and the selectivity to acrylic acid was 
97,3% at a reaction temperature of 250 *'C. 



35 Example 1-3 

To 300 ml of pure water was dispersed 228 g 

of basic nickel carbonate. To this mixture, 159 g of 

antimony trioxide was added with agitation. Then 
40 the slurry was heated, concentrated and dried. 

Then the solid obtained was calcined in a muffle 

fumace at aop'^C for 3 hours. 

The calcined product. Sb-Ni-O, was ground so 

that particles pass through a sieve of 60 mesh. 
45 The catalyst having the following composition 

was prepared by operating in the same manner as 

in Exmaple 1-2: 

Sb:Ni:Mo:V:Nb:Cu = 100:43:35:7:3:9. 

When the reaction was carried out in the same 
50 manner as in Example l-l by the use of the cata- 
lyst, the conversion of acrolein was 99.4%. the 
yield of acrylic acid was 97.4% and the selectivity 
to acrylic acid was 98.0% at a reaction temperature 
of 250 *C. 

55 
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Cofnoarative Example M 

A catalyst having the same composition as that 
ffT Example l-t was prepared in the same manner 
^ in Example- H accept that 136 g of ntckel nitrate 
dissolved in 90 ml of wami water was used in 
place of nickef carbonate as a raw material of Ni in 
the preparation of Si>Ni-Si-0 in Example f-1, and 
the reactivity was evaluated under the same con- 
dition as above. 

The conversion of acrolein was 98.4%, the 
yield of . acrylic acid was 94.7% and the selectivity 
to acrylic acid was 96.2% at a reaction temperature 
of 250»C. 



Comparative Example t-2 
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The molded product was calcined in a muffle 
furnace at 4O0'C for 5 hours to make a catalyst 

The catalyst tiius obtained had a composition 
represented by ti^e following atomic ratios: 

5 . Sb:Ni:Si:Mo:V:W:Cu = 100:43:80:35:7:3:3. 

The catalyst (50 ml) was charged in a 
stainless-steel reaction tube equipped with a jacket 
for a nitrate heating medium and the catalytic oxi- 
dation reaction of acrolein was carried out The raw 

70 material gas comprised 4% of acrolein, 46% of 
steam and 50% of air and was passed tfirough tfie 
reaction tube at a space velocity of 870 h-' at a 
0**C basis. At a nifrate bath temperature of 250''C. 
the convesion of acrolein was 98.3%, tiie yield of 

75 acrylic add was 94.7% and tiie selectivity to acryl- 
ic acid was 96.2%. 



A catalyst having tiie same composition as that 
in Example 1-3 was prepared in" the same manner 
as in Example f-3 except tfiat 136 g of nickel niti-ate 
dissolved in 90 ml of warm water was used in 
place of nickel carbonate as a raw material of Ni in 
the preparation of Sb-Ni-0 in Example 1-3, and tiie 
reactivity was evaluated under the same condition 
as above. 

The conversion of acrolein was 98.1%, the 
yield of acrylic acid was 93.0% and the selectivity 
to acrylic acid was 94.8% at a reaction temperature 
of 250 '^C. 



Example 11-1 

In 90 ml of warm water was dissolved 136 g of 
nickel nitrate. To this mixture, 50 g of silica - 
("CARPLEX #67") and 159 g of antimony tiioxide 
were added slowly with stirring. The s\urry was 
heated, concentrated and dried at 90*'C. Then tfie 
solid obtained was calcined in a muffle furnace at 
800'C for 3 hours. The calcined product, Sb-Ni-Si- 
O. was gnsund so tiiat particles pass tiirough a 
sieve of 60 mesh. 

Pure wafer (540 ml) was heated to ca. 80*C. 
and 8.1 g of ammonium paratungstate, 63.9 g of 
ammonium paramolybdate. 8.4 g of ammonium 
metavanadate and 7.8 g of cuprous chloride were 
sequentially added and dissolved. Then, tiie pow- 
der of tiie aforementioned Sb-Ni-Si-O was added to 
tills solution and tiioroughly agitated and mixed. 

The siuny was heated to a temperature of 80 
to 100»C, concentrated and dried. The dried prod- 
uct was ground so that particles pass through sieve 
of 24 mesh, and 1.5% by weight of graphite was 
added and mixed. Then, the mixtijre was loaded on 
a small size tableting machine to form tablets in a 
size of 5 x 4 hmm. 



ComparatTve Example 11-1 

20 

In 90 ml of warm water was dissolved 136 g of 
nickel nitrate. To tiiis mixture, 159 g of antimony 
trioxide was added slowly with stining. The sluny 
was heated, concentrated and dried at 90 "C. Then 

25 the solid obtained was calcined In a muffle furnace 
at 800*' C for 3 hours. The calcined product, Sb-Ni- 
Si-O. was ground so tiiat particles pass through a 
sieve of 60 mesh. 

Pure water (540 ml) was heated to ca. 80**C, 

30 and 8.1 g of ammonium paratungstate. 63.9 g of 
ammonium paramolybdate, 8.4 g of ammonium 
metavanadate and 2.8 g of cuprous chloride were 
sequentially added and dissolved. Then, tiie pow- 
der of tiie aforementioned Sb-Ni-0 was added to 

35 tills solution and tiioroughly agitated and mixed. 
Then 50 g of silica ("CARPLEX #67") was added 
and mixed tiioroughly by stirring. A catalyst was 
prepared In the same manner as in Example 11-1, 
and tfie reactivity was evaluated under the same 

40 condition. 

At a niti^te bath temperature of 270 °C. the 
conversion of acrolein was 97.9%, tiie yield of 
acrylic acid was 9T.2% and tiie selectivity to acryl- 
ic acid was 93.2%. 

45 

Example N-2 

Witht tiie use of 189 g of feme niti-ate in place 
50 of 136 g of nickel niti*ate in Example 11-1. a catalyst 
was prepared and tiie reactivity was evaluated be- 
low in tiie same manner as above. 

The composition of tiie catalyst tfius obtained 
is as follows: 
55 Sb:Fe:Si:Mo:V:W:Cu = 100:43:80:35:7:3:3. 
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At a nitrate temperature of 260**C. the 
conversion of acrolein was 99.9%. the yieid of 
acrylic add was 94.2% and the selectivity to acryl- 
ic acid was 94.3%. 



Example 11-3 

With the use of 136 g of cobalt nitrate in place 
of 136 g of nickel nitrate in Example 11-1, Sb-Co-Si- 
O powder was prepared in the same manner. 

Then, 540 ml of pure water was heated to ca. 
80*' C. and 63.9 g of ammonium paramolybdate, 8,4 
g of ammonium metavanadate. 4.6 g of niobium 
hydroxide [NbO(OH)3] and 5.6 g of cuprous chlo- 
ride were sequentially added with stirring, dis- 
solved and mixed. To this solution, the aforemen- 
tioned Sb-Co-Si-O powder was gradually added 
and mixed thoroughly with stirring. The catalyst 
having the following composition was obtained in 
the same manner as in Example il-1: 
Sb:Co:Si:Mo:V:Nb:Cu = 100:43:80:35:7:3:6. 

With the use of this catalyst, the catalytic oxi- 
dation reaction of acrolein was carried out in the 
same anner as in Example 11-1. 

At a nitrate bath temperature of 260*C, the 
conversion of acrolein was 99.9%, the yieid of 
acrylic acid was 95.2% and the selectivity to acryl- 
ic acid was 95.3%. 



Example 11-4 

To 700 ml of cone, nitric acid, 133 g of metallic 
antimony was added portionwise and oxidized. 
After the evolution of nitric acid gas had stopped, 
277 g of bismuth nitrate was added and stirred 
thoroughly. Then, 125 g of silica sol (containing 
20% of SiO^: SNOWTEX N) was added, and the 
mixture was concentrated with heating and dried. 
The product was calcined in air at 800 *C for 3 
hours and then ground (Sb-Bi-Si-0 powder). Pure 
water (540 ml) was heated to ca. 80 Ci and 63.9 g 
of ammonium paramolybdate, 8.4 g of ammonium 
metavanadate, 4.6 g of niobium hydroxide and 21 .2 
g of copper sulfate were sequentially dissolved and 
mixed with stirring. Then, the powder of the afore- 
mentioned Sb-Bi-Si-0 was added slowly to this 
solution and thoroughly mixed. The catalyst having 
the following composition was obtained in the same 
manner as in Example 11-1 : 
Sb:Bi:Si:Mo:V:Nb:Cu = 1 00:43:40:35:7:3:9. 

With the use of this catalyst, the catalyst oxida- 
tion reaction of acrolein was carried out in the 
same manner as in Example II-1 . 



760 




At a nitrate bath temperature of 260*0, the 
conversion of acrolein was 99.2%, the yield of 
acrylic acid was 92.6% and the selectivity to acryl- 
ic acid was 93.3%. 

5 

Example 11-5 . 

With the use of 68 g of nickel nitrate and 68 g 
10 of cobalt nitrate in place of 136 g of nickel nitrate in 
Example 11-1, Sb-Ni-Co-Si-0 powder was prepared 
in the same manner. The preparation of catalyst 
and the evaluation of reactivity were carried out in 
the same manner. 
75 The catalyst thus obtained had the following 

composition: 
Sb:Co:Ni:Si:Mo:V:W:Cu 
1 00:21 .5:21 .5:80:35:7:3:3. 

At a nitrate bath temperature of 260*»C. the 
20 conversion of acrolein was 99.9%. the yield of 
acrylic acid was 94.9% and the selectivity to acryl- 
ic acid was 95.0%, 



25 Claims 

1. In a process for producing a composite 
oxide catalyst wherein a composite oxide catalyst 
comprising at least Sb, Mo, V and/or Nb is pro- 

30 duced by a process comprising incorporating sour- 
ces of required respective elements into a compos- 
ite and subjecting the composite to a heat treat- 
ment into the composite oxide catalyst, the im- 
provement which comprises the use as at least a 

35 part of the source of Sb supply of a composite 
oxide represented by the following formula which 
has been heated previously at a temperature of 
600 to 900 *'C: 
Sbp-Xq-Y 

40 wherein X represents at least one element selected 
from the group consisting of Ni, Fe, Co and Bi; Y 
represents at least one element selected from the 
group consisting of Al and Si; p is a numeral of 1- 
40, q is a numeral of 1-20 and r is a numeral of 0- 

45 10, provided that when r is 0, Ni of X is at least 
partly supplied by nickel carbonate. 

2. In a process for producing a composite 
oxide catalyst wherein a composite oxide catalyst 
comprising at least Sb, Mo. V and/or Nb is pro- 

50 duced by a process comprising incorporating sour- 
ces of required respective elements into a compos- 
ite and subjecting the composite to a heat treat- 
ment into the composite oxide catalyst, the im- 
provement which comprises the use as at least a 

55 part of the source of Sb supply of a composite 
oxide represented by the following formula which 
has been heated previously at a temperature of 
600 to 900*C and obtained by using nickel car- 
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bonate as at least a part of a source of Ni supply: 
Sbp-Nfq.Y,-0, 

wherein Y represents Al and/or Si; p is a numeral 
of 1-40, q is a numeral of 1-20 and r is a numeraJ 
of 0-10; the , formula illustrating only constituents 
without reference to the ratios oiF the constituents. 

3: A process according to Ciaim 2. wherein the 
composite oxide represented by the formula Sbp- 
Niq-Yr-0 is prepared by evaporating to dryness an 
aqueous slurry comprising antimony oxide and 
nickel carbonate and. if necessary, silica and/or 
alumina and calcining the solid product obtained at 
600 to 900 *»C in the presence of air. 

4. A process according to Claim 3, wherein the 
calcining temperature Is between 650 to 850*C. 

5. A process according to Claim 2. wherein the 
composite oxide represented by the fonmuia Sbp- 
Niq-Yy-O is represented by the following composi- 
tion: 

Sb w-Nix-Yy-O^, 

wherein w, x. y and 2 have the meanings as 

follows: 

w: 1-20, 

x: 1-10, 

y: 0-5 and 

2: a numeral determined by the degree of oxidation 
of respective ingredients. 

6. A process according to Claim 2, wherein the 
composite oxide catalyst is represented by the 
composition: 

Sba-M0b-{V and/or Nb)c-Nid -Yg-ArOg, 
wherein Y represents Si and/or Al; A represents an 
optional component element; and a-g is tiie follow- 
ing values: 
a: 1-100, 
b: 1-100, 
c: 0.1-50. 
d: 1-100. 
e: 0-200. 
f: 0.1-50 and 

g: a numeral determined by the degree of oxidation 
of respective ingredients. 

7. A process according to Claim 6, wherein a-f 
represent the following values: 

a: 1-100, 
b: 1-50. 
c: 1-20, 
d: 10-100, 
e: 0-100 and 
f: 1-20. 

8. A process according to Claim 6, wherein tiie 
optional element A is W. Cu, Fe and/or Co. 

9. A process according to Claim 2. wherein tiie 
mean pore size of the composite oxide catalyst is 
at least substantially 5,000 A. 

10. In a process for producing a composite 
oxide catalyst wherein a composite oxide catalyst 
comprising at least Sb. Mo, V and/or Nb is pro- 



duced by a process comprising incorporating sour- 
ces of required respective elements into a compos- 
ite and subjecting tiie composite to a heat treat- 
ment into the composite catalyst, tiie improvement 
.5 which comprises the use as at least a part of the 
source of Sb supply of a composite oxide repre-' 
sented by the following formula which has been 
heated previously at a temperature of 600 to 
900 **C: 

W Sbp-Xq-Si rr-O. 

wherein X represents at least one element selected 
from tiie group consisting of Ni. Fe. Co and Bi; p is 
a numeral of 1-40. q is a numeral of 1-20 and n- is 
a numeral of 1-10/ 

75 11. A process according to Claim 10. wherein 

the composite oxide represented by the formula 
Sbp-Xq-Sirr-0 is prepared by evaporating to dry- 
ness an aqueous slurry consisting of antimony tri- 
oxide. a nitrate or chloride of an element selected 

20 from the group consisting of Fe. Co and Ni, and 
silica and calcining the solid product obtained at 
600 to 900 **C in the presence of air. 

12. A process according to Claim 11, wherein 
tiie calcining temperature is in the range of 650 to 

25 850 ''C. 

13. A process according to Claim 12. wherein 
the composite oxide represented by the formula 
Sbp-Xq-Sirr-O is represented by the following com- 
position: 

30 Sbw-Nix-Siy-Oj, 

wherein w, x, y and z have^ tine meanings as 

follows: 

w: 1-20, 

x: 1-10. 
35 y: 1-5 and 

z: a numeral detenmined by the degree of oxidation 

of respective ingredients. 

14. A process according to Claim 9. wherein 
tiie composite oxide catalyst is represented by the 

40 following composition: 

Sba-Mob-(V and/or Nb)c-X<rAe -SipOg. 

wherein A represents an optional component ele- 
ment; ancf arg is the fol!owir>g values: 

a: 1-100. 
45 b: 1-100. 

c: 1-50. 

d: 1-100. 

e: 0.1-50, 

f: 1-100 and 

50 g: a numeral determined by tiie degree of oxidation 
of respective ingredients. 

15. A process according to Claim 14. wherein 
a-f have the following meanings: 

a: 10-100, 
55 b: 1-50. 
c: 1-20. 
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d: 10-100, 
e: 1-20 and 
h 10-100. 

16. A process according to Claim 10. wherein 
the optional element A is Cu and/or W.. ... . 5 

. 17. A process according to Claim 10, .wherein 
the mean pore size of the composite oxide catalyst 
is at least substantially 2.000 A. 



70 



75 



20 



25 



it 



30 



35 



40 



45 



50 



55 



11 



BNSOOC!D:<EP 0235760A2> 



® 



J 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(J) Publication number: 



0 235 760 

A3 



EUROPEAN PATENT APPLICATION 



(jT) Application number: 87102798.3 
@ Date of filing: 27.02.87 



© int.Ci.^: B01J 23/88 , B01J 23/31 



(g) Priority: 27.02.86 JP 42727/86 
14.03.86 JP 56716/86 

@ Date of pubiication of application: 

09.09.87 Bulletin 87/37 

@ Designated Contracting States: 
DE FR GB IT 

@ Date of deferred publication of the search report: 

24.08.88 Bulletin 88/34 



0 Applicant: MITSUBISHI PETROCHEMICAL CO., 
LTD. 

6-2, 2-chome, Marunouchi 
Chiyoda-ku Tokyo 1 00( JP) 

@ inventor: Sarumaru, Kohel c/o Mitsubishi 
Petrochem. Co., Ltd 
Chuo Kenkyusho 3-1, Chuo 8-Chome 
Ami-Machi 

!nashiki-gun Ibaraki-ken(JP) 

Inventor: Ishii, Yoiclii c/o Mitsubishi 

Petrochem. Co., Ltd 

Chuo Kenkyusho 3-1, Chuo 8-Chome 

Ami-MachI 

Inashiki-gun Ibaraki-ken(JP) 

Inventor: Kobayashi, Isamu c/o Mitsubishi 

Petrochem. Co., 

Chuo Kenkyusho 3-1, Chuo 8-Chome 
Ami-Macht 

Inashiki-gun Ibaraki-ken(JP) 

0 Representative: Hansen, Bernd, Dr.rer.nat et 
al 

Hoffmann, Eitle & Partner Patentanwalte 
Arabellastrasse 4 
D-8000 Munchen 81 (DE) 



® Process for producing composite oxide catalyst 

@ A process for producing a composite oxide cata- 
CO^yst comprising at least Sb, Mo, V and/or Nb by the 
^ steps of combining and heating the sources of re- 
_ quired respective elements, characterized in that a 
§ composite oxide represented by the following for- 
r^muia. which has been heated previously at a tem- 
l^perature of 600 to 900 ''C, is used as at least a part 
CV>of a source of Sb supply: 
<NJSb-p-X„-Y„ 

Q wherein x represents at least one selected from the 
group consisting of Ni. Fe, Co and Bi; Y represents 

^at least one selected from the group consisting of Al 
and Si; p is a numeral of 1-40, q Is a numeral of 1- 
20 and r is a numeral of 0-10. provided that when r 



is 0. Ni of X is at least partly supplied by nickel 
carbonate. 

A catalyst having a large mean pore size is 
obtained. When the catalyst is used in an oxidation 
reaction such as air oxidation of acrolein, acrylic acid 
as the object product can be obtained In high selec- 
tivity. 
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